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FOREWORD

This report is one of a series intended to inventory the ground
water resources of each county in the cormnonwealth. The purpose isto provide all ground water users, including private cj-tizens, devel-
oPers, i-nvestors, well drilling contractors, government offic.ial-s,
professionals and consultants, with an overview of the ground water
situation as it presently exists throughout Virginia.

Prospective ground r^rater users and others interested in the
development and protection of ground water hopefully will gain in-
sight into the opportunities and advantages inherent in this
invaluable natural resource

The State Water Control Board remains availabLe for inforrnation,
assistance and governmental action.
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SELECTED CONVERSION FACTORS

ENGLISH UNITS TO IMER.NATIONAL SYSTEM (METRIC UNITS)

This report uses a dual measurement system based on Engl-ish units
and the International System (SI) of metric uni-ts. SI is a consistent

"v"a.* of units adopted in 1960 by the Eleventh General Conference of
Wlignts and Measures. Selected conversion factors are listed below:

Multigly English Units

Acres

Feet (ft)

Gallons

Gallons per day (gpd)

Gallons per minute
(gpm)

Inches

Miles

Million gallons
per day (MGD)

Square miles

!v.

0.4047

0. 3048

0.003785

0.003785

0.06309

25.4

1.609

3, 785.0

2.590

To Ob_taln SI Units

hectares

metres (n)

cubic metres (m3)

cubic metres per day (n3/d)

litres per secona (1/s)

millimetres (nm)

kilometres (km)

cubic metres per day 1m3/a)

square kilometres (tcrn2)



GROIIND !ilATER REsouRcEs oF ALBEMARLE couNTy, vrRGrNrA

by

R. McChesney Sterrett and Kenneth R. Hinkle

ABS?RACT

Albemarle county is rocated in central virginia and encompassesan area of 739 square miles (1r9r4 square kilonetres). The county in_cludes portions of the Blue Ridg. 
"rrd 

piedmont physiographic provinces
and is contained within the ungiaciated Appalachiln ciorrna water Region.

Ground water avairability and quality are relatively consistentacross Albemarl-e county, alrhough avair-ability is significantly in-fluenced by topograglric setting. Draws and flats are the best drillingsites' and wells drilled at these locations generally produee more rraterat^lesser depths. water-bearing zones generally are encountered withln200 feet (61 netres) of the land surfaee in a1r areas of the county.Yields of up to r25 gpn (7.9 1/s) have been obtained in all areas, butvields of less than r-0 gpn (0.6 L/s) "r;-tpr;Jr, ""p""ially in rhesouthern half of the county. Total dissolvld solids 
"orrt.r,l throughoutthe county in most cases is ress- than 150 ng/L. soft water is pre-dominant in approximately harf the county, itir" moderately hard tohard water is found elsewhere. rron is generalty at or below the0.3 urg/l drinking water lfurit establish.J ry the Virginia Dep:rrrmentof Health

wells developed in the metavolcanie rocks of the catoctin Formati.onhave the highesr.average yield (19 gpm iil.i-t'ts), with ylel<is up ro150 gpur (9.5 1/s) t.poit.d along the base of carter's Mountain and theSouthwesrern Mount:i"-". Well yields of up to 50 gpm (3.15 Us) havebeen obtained in the belt east of charlotiesville, but .welr_s deveropedin the belt along.!h9 easr slope of the Blue Ridg. rrpi"rii, ,i.tuless-than 10 gpm (0.6 L/s). Ground water from the catoctin Formationis also the most highly mineralized water and generally exhibits highernanganese concentrations and hardness.

Average daily ground water withdrawal approaches 3 I'IGD (15,140 n3/d).About two-thirds of the total withdrawal is supplied by donestic wellsand springs, and approximately 47 percent "f tirl countyr" poprj-lation is supplied by ground warer. public^ground watlr ";;;;*"withdraw approximaa:fy-500,000 gpd (1,893 ,37a). The largesr groundwater user' Morton Frozen Foods at crozet, withdraws an average ofnearly 120,000 gpd (454 m3/a), 
qvEre6e 

'

No major areas of ground rnTater eontamination have been identified,although local problems are known to exist. underground petroreumspills are the most corunon cause of ground water contamination inAlbemarle county. No documented cases of well interference have beenreported.



INTRODUCTION

Location and Baekground Info:mation

Albemarl-e County lies in the central part of the Comonwealth of
Virginia (Plate 1). Bordering counties lnclude Augusta and Rockingham

to ihe lirest, Fl-uvanna and Louisa to the east' Orange and Greene to Lhe

north, and Nelson and Buckingham to the south. AlbemarLe County was

forned from Goochland County in L744 and is the fifth largest county
in the state, covering 739 square miles (l-r9l-4 kn2). The independent
City of Charlottesville is the county seat.

According to the Virginia Department of Planning and Budget, the
1980 population of Al-beurarl-e County lf?g qroJected to be 54,400 and that
.i-inl biiv of Charlortesvill-e to be 40,000. Population proJections for
the year 2000 are 88,400 for the county and 42,600 for the city.

Government employment and manufacturing are the two most important
sources of income. Government employment is furnished principally by

the University of Virginia, located in Charlottesville. Manufactured
products include el-ecirical- components, electronic machinery, ftozen
food, office equiPment and fabric-

Topography and Drainage

Albemarle County is situated within two physiographic provinces:
The Blue Ridge Physilgraphic Province and the Piedmont Physiographic
province (plate 2). itt. tigtr"st point in the county' 3,317 feet
(11011- m), ls along the crest of Loft Mountain l-n the extreme north-
western corner of ine county. The lowest elevation, approximately
235 feet (72 n), occurs where the Ri.vanna River crosses into Fluvanna
County just south of Boyd Tavern. The elevation at Charlottesville
is approxinatel-y 500 feet (1-52 rn). Most areas of the county lle be-
low 1,000 feet (305 n) elevation (plate 3).

The eounty lies almost entirely within the James River Basin'
with the exception of the northeast corner which lies within the York

River Basin (Pl-ate 4). The Rivanna River, a major tributary of the
James River, drains a large portion of the northern and central
sections of the county. ihe- principal tributaries of the Rivanna in-
clude the North Fork, South Fork, Buek Mountain Creek, Mormons River
and Mechum River. The southern section of the counLy ls drained by

the Hardware River and a few smal1 tributaries of the James River'
Ttre James River forms the southern boundary of the county. A snall
northeastern portion of the county lying wlthin the York River Basin
is drained by smal-l- headwater tributaries of the South Anna River
and the Rapidan River.

Warm, hunid suluners
marle County. According

Climate

and rnil-d winters characterize the climate of Albe-
to Crockett (l:g72), the mountains at the countyrs
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PHYSIOGRAPHIC PROVINCES OF ALBEMARLE COUNTY
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western boundary, along with the Chesapeake Bay and the Atlantic Oceanto the east' are major factors controlling the climate, in addition tothe latitude and location on the North American continent.

Records from the non-recording weather station at Charlottesvil-le
maintained by the National l,Ieather Service indicate that the average
annual temperature is approximately 57oF (13.goc). Extremes have
been recorded as high as 107oF (4l.7oc) in september, 1954, and as
1ow as -zoF (-tl.2oc) in January L977. The average annual precipi-
tation is approximately 44 inches (1,118 mm), and rainfall is the
dominant form of precipitation. surmner rainfall is provided princi-pally by showers and thunderstorms, the latter occurring on an averageof 40 to 45 days throughout the season. The average annual snowfallis around 22.5 inches (572 rnur), although measurements between L94l_
and 1971 have varied from 3.1 inches (78 rnrn) to 53.6 inches (1,361 rnm).

Table I is a suilnary of temperature and precipitation data for
the period 1941--1979 from the National Weather Service non-reeording
weather station at charlottesville, located 1.7 rniles (2.7 km) west ofthe Post Office.



ELEVATION MAP OF ALBEMARLE COUNTY
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Total Precipitation
Inches .Millimetres

Averaqe TemDerature
"F oC

TABLE 1
WEATHER DATA FOR TIIE PERIOD L94L.T979

CHARLOTTESVILLE, VIRGINIA

Month

January
February
March
April
May
June
July
August
September
October
November
Decernber
Annual*

tt-
74.68

100.84
81.03

LO6.43
99.06

LzL.4L
L20.L4
LLz.52
102.l_1
79.25 {

89.92
111_0.99

36.1_
37.8
46. s
57 .7
66.3
7 3.s
77 .3
76.2
69.9
59.5
49.L
38.4
57 .L

2.3
3.2
8.1

14.3
19.1-
23.L
25.2
24.6
2L.L
15.3
9.5
3.6

13.9

3.2t
2.94
3.97
3. 19
4.L9
3.69
4.78
4.73
4.43
4.02
3.L2
3.54

43.74

*Average of annual averages and total-s for period

Source: Crockett (L972) and National- Oceanic and Atmospheric
Administration (197 L-L979)



RIVER BASINS AND STREAMS IN ALBEMARLE COUNTY
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Soils and Vegetation

There are three maJor soil groupi.ngs in Ar-benarle county:
mountainous soils, soils developed on the piedmont uplands, and soilsdeveloped on the Piedmont lowlands (plate 5). The mountainous soilsinel-ude those soils on the Blue Ridge nnountains and foothill_s, andsoils on the southwestern Mountains and carters Mountain east ofcharl-ottesville. These soils range from deep to shallow, dependingon the steepness of the slope, and are well-drained. soils or trrePiedmont uplands_ range from deep to shallor.r and oecur on gentle iosteep slopes. A11 of the upland soils are well-drained, ind a rnaJorbelt along the Fluvanna county line to the east is characterized byvery strongly acid soils. piedmont l-or,rland soils occupy the easternquarter of the county and are well-drained.

A L976 forest survey by the virginia Division of Forestry reportsthat 291'386 acres (LL71924 hectar""j in Albernarle county are eoveredby corunercial- forestlands (Browne and Associates , LgTg). This isnearly 62% of the total land area of the county. such major forestareas provide an efficient mechanism for recharging the giound water
system in Albemarle County.



GENERALIZED SOILS MAP OF ALBEMARLE COUNTY
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Purpose and Scope of Report

This report is a reconnaissance-level study intended as an aid
in identifying regional- ground nater conditions in Al-bemarle County.
In addition to providing general information about the area, the
report introduces nelr hydrogeologic data collected by the Board
and compiles previous geologic and hydrologlc investigations
carried out under the auspices of the Board and other state
agencies. The report is intended to be a planning and nanage-
ment reference for citizens, governmental- official-s, professionals,
and those in the business sector.

Previous Investigations

Reports by Cross (1960) and Dekay (L972) are the only ground
water studies which deal specifically with portlons of Albemarle
County. Crossts work is a data compilation of water wel-l-s in the
western half of the county. DeKayrs work on ground water supplies
in Shenandoah National Park, a portion of which is in Al-bemarle
County, has been supplemented by a geology report of the area by
Gathright (1976). A reporr by Geyer (1955) covers ground water in the
Virginia Piedmont. A 1970 publ-ication by the Virglnla Division of



Water Resources coyering ghg *Tenes River Bas.i.n includee ground lraterdata obtained from Albemarle county,. ftio u,s, Geological survey
Papers, Cederstrom (L972) and Sinnott and Cushing (1t7g), addrels theground water characteristics in a J-arge region wtrich lnciudes ALbe*marle County.

Methods of Investigation

Most of the water well construction infornation and the groundwater quality data contained in this report have been collected uythe Board, although sone have been supplied by the virginia Division ofMineral- Resources and the virginia lepartnent of Hear_til. AL1 groundwater withdrawal information has been col-lected by the Board.

Much of the previously unpubrished information pertaining toindividual well construction and ground water quality has beei co1-leeted as a resul-t of the Groundwater Act of tglz. rhi" e"t requiresthat a water well conpl-etion Report (Fom GW-2) be subnltted to theBoard for all we1ls drill_ed, and that orirners of industrial- and publ_icground water supplies submit quarterly reports (l'orm cw-6, crorroa1,7"t"1'
Pumpage and Use) to the Board detailing ground water withdrawal. Inaddition, the Board requires that drili -uttings be col-Lected at ten-foot (3-05-m) intervals on all water weLls, .rni"*s prior exemptionis obtained from authorized staff members.

Another source of ground r,rater quality informat.ion is thePollution Response program (pnep), maintained by the Board for thepurPose of responding to reports of water pollution of any type. Thisincludes pollution of both ground water and surface rrater by accidentalor intentlonal discharges of hazardous chemicals, oiL, gasoline, refuse,and industrial wastes.

A11 well information, we1-l completion reports and records ofg-round rrater quality cited in this report are on permanent file at
ll:.8.":_1_{Sadouarrers office i.n Riehmond and ar lr," v.u"y netionaroffice (vRo) in Bridgewater. rhese data are computerized for storageand retrieval and were used to conpile Appendixes B and C.

Water Well Nr:rnbering System

water well cornpletion Reports are assigned a unique number bywhich the reported well is thereafter identitr.a. water quaLity
and withdrawal information for that particuLar well aLso are identifiedby that number.

- Each county in virginia is assigned a three-digit county eode,the code for Al-bemarle county being 101. within 
""ch "o,.rrrty, 

wells
Te nunbered sequentially in order of receipt, with a few exceptions.For example, a report might be nunbered r01-ri, while a report re-ceived later would become l-01-1g. The well numbers do not represent



a grid system for locating specific areas of the county. When citing
speciflc well-s in this report, the wel-1 number will- be given in paren-
theses without the county code. For example, Morton Frozen Foods ll3
(87). Wel-l numbers may be cross-referenced with various plates and
Appendixes B and C for additional information.

I{YDROGEOLOGY OF AIBM{ARLE COUNTY

Precipitatlon probably is the ultinate source of all the ground
water occurring in Albemarl-e County. The sequence in which water
circul-ates from land to ocean to air and back to l-and in the solid'
J-iquid and gaseous states is referred to as the hydrologic cycle
(Pl-ate 6). Water enters the atmosphere and forms clouds by evaporation
from oceans, lakes and rivers, and from plant life by means of evapo-
transpiration. The water is then returned to the land surface where
it once again may evaporate, take the form of runoff to streams, lakes
and oceans, or filter down into the soil and rock.

Water occurring in the zone extending from the l-and surface down-
ward to the point at which alL rock and soil pores are fil-l-ed with
\tater is said to be in the zone of aeration. l{ater oceurring below
the zone of aeration is said to be in the zone of saturation, and it
is this roater that connnonly is referred to as ground water. The top
surface of the zone of saturation (the dividing point between the zone
of saturation and the zone of aeration) is known as the water table
(Plate 7).

Ground water is governed by the principl-es of recharge and dis-
charge. Ground water will flow by gravity from an area of reeharge
toward a discharge point. Water may be discharged from the ground
rirater reservoir through springs, seepage into streams, evaporation
and transpiration, and through well-s. Streams may djscharge \tater
into the ground water system, in which case they are known as losing
streams, or they may be recharged by ground water flowing into them'
in which case they are cal-led galning streams. It is Lhe latter
situation which explains why ground water discharge into streams and
the base flow of streams during extended dry periods are one and the
same.

Ground r^rater movement and storage in Albemarle County oceurs in
both soil and rock. Saprolite, an earthy, clay-rich residual material
created by the decomposition of igneous and metamorphic rocks, forms
a mantle covering much of the county. Aecordi-ng to Cross (1960), this
layer of soil- and saprolite is up to l-00 feet (30 n) deep in places
and averages about 50 feet (15 m). Data gathered on depth to bedrock
for 319 wel-ls supports Crossfs findings. Many wells encountered
bedrock at depths as great as 110 feet (34 m), but the majority fall-
in the 40-to 5O-foot (12- ro 15-m) range. Cross (1960) notes the
saprol-ite is thiekest in Albernarle County where it occurs on upland
fLats.



THE HYDROLOGIC CYCLE

Source: Gibson and Singer (lg7l) PLATE NO.6

The saprol-ite zone acts as an important recharge mechanism for
the underl-ylng bedrock, and also yiel.ds lrater to many wel_l_s. Thesaprolite acts as a giant sponge and stores vast amounts of water,
allowing it to percol-ate downward at a very slow rate to reeharge
the underlying crystalline rocks. rt nay yield r^'ater to wel]-s by
means of primary porosity, a term which refers to porosity which
was created at the time the saprolite was formed.

Bedrock in AlbemarLe County is composed of igneous and metamorphic
rocks, with minor amounts of sedimentary rocks present in the easternareas. rgneous and netamorphic rocks are very dense and relatlvel_y
impermeable. Ground water movement and storage takes pl_ace only infractures which have devel-oped in the rocks as a result of weatherlng
and, to a lesser extent, structural deformation. This type ofporosity is known as secondary porosity, si-nce the water:bearing
features developed after the rock was formed. well yield is diiectly
influenced by the frequency and interconnection of water-bearing
fractures which the well intersects (pl-ate g). The nrmrber and si-zeof fractures decreases with depth, and general-J-y it is assumed thatwater-bearing_fractures seldom are encountered in these rocks at depthsgreater than 250-300 feet (76-91 m). For sel_ected counties in thevirginia Piedmont, Auletta (1979) found that fracturing typically

11
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occurred between 30 and 350 feet (9 and 107 m) and was most frequent
berween approximately B0 and l-25 feet (24 and 38 rn). Cross (1960)
notes that most fractures occur wlthin 100 feet (30 m) of the top of
bedrock. Data gathered for this report indicate that 58 percent of
the 302 rock wells for which water zone information is available
encountered water within 100 feet (30 rn) of the land surface' and
87 percent encountered water within 200 feet (61 m) of the land
surface.

GROUND I^IATER AVAILABILIW AND QUALITY

Hydrogeologic Overview of Albemarle County

Albemarle County is located within the Unglaciated Appal-achian
Ground Water Region (Plate 9) which is characterized by mountains and

hi1ly uplands separated by broad valleys (Johnson, I972). The western
quarter of the eounty is situated in the Blue Ridge Physiographic
Province, while the remaining area is in the Piedmont (see Plate 3).



FRACTURES IN BEDROCK FORMATIONS AFFECT WELL YIELD

Ewporu (rvlr, PLATE NO. g

The ground water availability and quality maps appearing on thenext several pages are intended as a general- planning guide, andconditions represented may not apply to speciiie well sites. p'mping
tests and detailed aquifer studies are beyond the scope of this report
and have not been undertaken. Discussioni of ground r"t"r quality
parameters may be found in Appendixes D and E.

on the whole, ground hrater availability is relatively consistent
throughout the county, varying onl-y slightly with geologit setting.I'Iater-bearing zones generally are encountered within 200 feet (6J_ n)of the land surface throughout a large area (Plate 10). Almost, withoutexception, well-s in the eastern third of the county have not tappedwater zones below 200 feet (61 m), indicating that drilling to d..p.,depths normally fails to increase well yields

llell production rates typically are l_ess than l-0 gpn (0.6 L/s),especially in the sourhern half of the county (plate li). However,several areas exhibit a notieeably higher j.ncidence of increased yield.
weLls produci-ng 50 gpm (3.2 L/s) or greater are scattered randonly
across theeounty, and we1ls with yields of at least 125 gpm (7.9 Lls)
have been drilled in each of the iour hydrogeol_ogic uniti- in the
county.

Source: Newport (1gl l,t
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UNG LAC IATED APPALACH IAN
GROUND WATER REGION

LAWARE

KENTUCKY

COUNTY

SCALEo:ll--Ht iu.rt
O I5O 3OO KILOMETERS

Source: Modified after Johnson (1972) PLATE NO.9

Ground rrater throughout the county is of high quality, and only
isolated wel-l-s have exhibited significant qual-ity variations. The

r^rater is relatively low in dissolved mineral- matter. The total- dis-
solved solids content throughout the county is l-ess than l-50 mg/L
(Pl-ate l-2). Isolated well samples with concentrations of 150 mg/l
or higher are noted. No wells lrere encountered any-luhere with total
dissolved solids as high as 300 nglL.

Hardness, the property of r"rater which retards the production of
soap 1-ather, is rel-atively low throughout the county. Ihe hardness
cl-assification used throughout this report was developed by Durfor and

Becker as noted in Hem (1970):

Ilardness range
(mg/l of CaCog)

0-60
6r-L20

121-180
More than 180

D,escription

Soft
Moderatel-y hard
IIard
Very hard
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Based on this scale, soft weter is predominant in approxinately hal-f
the county, whil-e noderately hard to hard trater prevails elsewlere(Plate l-3). A few eamples of "very hard* rilater were gathered, but thehighest vaLue noted anSntrhere in the county was only 2ls ng/t.'

Iron concentrations are well within the 0.3 mg/l l-imit estabLlshed
by the virginia Deparrmenr of llealth (1977) throughout a Large portlonof the county (Plate l-4). However, there are severaL areas wt elenoticeably higher concentrations are connon to the extent that, certaln
r:ndesirable effects, such as unpl-easant taste and staining of bathroom
and l-aundry fixturesr are to be expected. Reports of sueh occurrences
have been infrequent and scattered.

The hydrogen i.on concentration, or pH, fall-s within a range of
9.: - 7.4 throughout a significant porrion of rhe county and below6.5 throughout mosr qf the remaining areas (plate 15). wlth the
exception of one sample (55) measured at 3.7, no values lower than
5.1, were recorded anlruhere in the county. As the pH falls below theneutral point of 7 on a scal-e of 1-14, water tends to become moreacldic and may cause corrosion of metal- plpes, pumps and tanks.

Hydrogeol-ogic Units in Al_benarJ.e County

The crystalline rocks which underLie Albenarle County have beendivided into four broad hydrogeologic classifications, baled on nater-
bearing characteristics of individual rock formations. These classi-fications include the cataclastic and metasedimentary rocks, the meta-
sedimentary and sedimentary rocks, the metavol-canic rocks, and the
igneous and metasedinentary roeks (Plate 1-6). titte 2 is a compilationof the individual- geologic formations comprising these four hydiogeol-ogic
units and lncludes pertinent geological- informaiion, water-belring
properties, and selected wel-l- and ground r^rater statistics. Detailed
expranations of the geology of Albenarle county wil_1 not be given i_nthis report. The reader is encouraged to consult pubJ_ished leologicreports of the county for information of this nature.

Hydrogeologic factors seldom are considered when selecting wellsites in Al-benarle county. virtually al_l well_s dril_l_ed are small-
diameter wells, usually intended for domestic use, which rarel_ypenetrate to great depths. particul_arly with respect to residential
wel-ls, which constitute a large majority of the weI1s on record, thedrill site is chosen after the building site has been selected and is
based so1-e1-y on the convenience and economics of the particular
situation. rn addition, once a sufficient supply of rrrater has been
obtained for the intended use, drill_ing is terminated. The avail_able
data are, therefore, random'rpract.ical- data instead of data based on
the most favorabl-e hydrologic, geologic and topographic conditions.

Igneous and Metased.imentary Rocks

This hydrogeologic unir (?late 17) consists primarily of granitic
gneiss with minor amounts of granodiorite, quartzite and conglomerate.



Geol-ogic fornations lncluded in thls groupilrg are the Pedlar, Swift
Run, Lovingston and R'ockfish For-natfons, I\rc upjor belts occur ln
ALbenarl-e County. A bel-t Lying along the foot of the Blue Ridge in
the northern area of the county underlies the comunities of lihite
IIaLL, Doyl-esvil-le, Mountfair, Boonesville and Nortonsville. A larger
belt rrmning northeast-southwest, roughl-y dividing the eounty in hal-f '
averages approxi"mateJ-y 6 nl.I-es (10 kn) wide and underLies the com-
munities of Earl-ysvil-1e, Irry and North Garden.

Wel-ls in this hydrogeologic unlt have been drtlled to an average
depth of Just over 250 feet (76 m). Seventy-two percent of the well-s
artttea ln these two belts produce less than 20 gpn (1.3 Us); over
ha1-f yield less than 10 gpn (0.6 Lls). However, 10 Percent of the
wel-l-s on record produce in excess of 50 gpn (3,2 Lls), lndicating
that 1-arge yiel-ds are avaiLable. I{tril-e a few of these high-yiel-d
weLls have been drilled for publ-ic supplies, the naJority are donestic
welLs which probabl-y requlred minimum development to obtain the high
yields. These high-yieLd wel-ls are randomly scattered and do not tend
to occur in clusters. The southwest third of the centraL belt shows
a significant lack of wells producing 1-0 gpn (0.6 Us) or greater'
possibly indicating l-ower potential for ground water in this particular
area. Three wel1s drlll-ed for the Crozet Sanitary District between
1955 and 1959 have yields ranging from 50 to 165 gpn (3.2 to 1-0.4 Us).
Ttre 365-foot (1L1-n) well /ll- (112) was tested for 72 hours at L65 gpn
(10.4 Us); however, no drawdown i-nfornation is available.

Water from the igneous and metanorphic rocks is relatively low
in dissolved mineral matter; 84 percent of' the wel1s on reeord exhibit
total dlssolved sol-ids below 150 ng/l. pH values consistently fall-
withln the 6.0 - 7.4 range. trIater analyses from six wel-l-s in the
Ivy area had plt values of 7.5 and above, somewhat higher than usually
found throughout the remaining portion of the two belts.

Ground water hardness throughout the area is consistently lower
than l-21 mElL, and o41-y three of 78 water samples collected can be
classified as "hard" (121-l-80 ng/l). Concentrations of iron were
below 0.3 ng/J- (the limit establ-ished by the Virginia Department of
Ileal-th) in nearl-y two-thirds of 89 htater samples. Of the remaining
sampl-es, only 7 pereent were in excess of 5.0 ngll. Iron concentrations
in ground water samples collected along the base of the Bltre Ridge
seldom exceeded 0.3 ng/1.

Metavolcanic Rocks

This hydrogeol-ogi.c unit (?late 18) is comprised nainly of the
Catoctin Formation, a series of metamorphosed basalt l-ava flows with
minor amounts of sandstone and phyl-lite. Two belts extend the length
of the county in a northeast-southwest direction. A snall bel-t out-
crops along the eastern ridges of the B]-ue Ridge, and a J-arge belt
passes through the eastern hal-f of Charlott,esville and underl-ies the
eonnuniti.es of Eastham, Shadwell and Carters Bridge.
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METAVOLCANIC ROCKS
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Source: Virginia State Water Control Board - VRO PLATE NO. 18

wells reportedl-y produce up to 150 gpm (9.5 Us). A11 wel-ls with yields
of 50 gpn (3.2 L/s) or greater are located in the eastern belt, whereas
wel-l-s in the belt al-ong the eastern sl-opes of the Blue Ridge consistently
produce less than 10 gpm (0.6 l-/s). Al-though information from the Blue
Ridge belt is scant, the data probably are representatlve since the
mountainous topography contributes to increased runoff'and reduced
storage.

The most intensely-developed area appears to be in the vicinity
of Route 250 east of Charlottesville. Most of these well-s have produced
less than 20 gpn (L.2 L/s), but one in five has yielded up to 50 gpm
(3.2 L/s). The majority of these wel1s have encountered producing
zones within 200 feet (61 n) of the land surface. Although several
wells have been drilled to depths greater than 500 feet (152 m), few
have interseeted water-bearing fractures at that depth. The median
well depth along this corridor is 305 feet (93 m), while the average
depth is 3l-6 feet (96 rn).

The ground water in the metavolcanj.c rocks is the most highly-
mineralized ground l,rater found throughout Albemarle County. Hor,rever,
total dissol-ved solids fall within the 50-300 mg/L range on every
Idater sample collected fron these wells. The pH for all weLls is
within the range of 6.0 - 7.0, without exception. The majority of
the samples were measured at greater than 7.0, typical of the basic
(alkaline) rock types which characterize the metavolcanics.
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Hardness, on the average, is higher in the metavolcanics than in
any other rock type throughout the county. Nearly one-third of the
water sampl-es collected in this unit showed hardness in excess of
180 ng/l, or ttvery hardt'. Another 27 percent can be classified in
the "hard" range (121--l-80 ng/l). The naJority of the "hard" and
"very hardtt samples were collected ln the heavily-developed area just
east of Charlottesville. Calcir:m appears to be the najor contributing
factor to hardness in the metavolcanics.

Iron concentrations in ground water from metavolcanic wells are
similar to those in other rock units across the county. Iron in
approximately two-thirds of the \rater samples colleeted from this area
was within the 0.3 mg/l drinking water limit established by rhe
Virginia Department of Health. Nearly all of the remaining water
sampLes showed values of less than 1.0 ng/l. Manganese, like hardness,
tends to be higher in the metavolcanics than in the other hydrogeologic
units in Albenarle County. Thirty percent of the metavolcanic wells
ylelded r,rater with manganese concentrations in excess of 0.5 mg/ L,
while no more than four percent of the samples from any other sections
of the county were in excess of 0.5 *g/t.

Metasedlnentary and Sedimentary Rocks

Rock types in this hydrogeologic unit (Pl-ate 19) include sandstone,
phyllite and gneiss occurring in trdo major belts in eastern Albemarle
County and a minor belt along the crest of the Blue Ridge. Rock
formations incl-uded are the tr{everton, Loudoun, Harpers, Lynchburg,
Charlottesvill-e, Johnson Mill, the Triassic basins and the Everona
limest,one. No records are available for well-s penetrating formations
along the crest of the Blue Ridge; therefore, all data cited refer
t,o the two eastern bel-ts.

A bel-t extending southwest from Burnleys at the Orange County
border includes the central Charlottesvil-le area and the conununities
of Proffit, Rio, Alberene and Unionville. llells in this belt have
been fairly productive. Five wells north of Chestnut Grove in the
Matthews Chapel area south of Charlottesville reportedly produce in
excess of 50 gpm (3.2 L/s), and six other wells in the imrnediate area
yield greater than 20 gpn (1.3 1/s). Records of three wel1s drilled
within the city lirnits of Charlottesville in the early 1900rs show
yields ranging from 80 to 100 Cpn (5.0 to 6.3 Us). Wells north of
the South Fork Rivanna River have noticeably lower yields. Only
three of 20 wells north of the river have yields in excess of 20 gpn
(1.3 Us), and the majority of the remainder have yields less than
10 gpm (0.6 1/s).

The belt bordering Fluvanna and Louisa counties and underl-ying
the cormnunities of Cobharn, Boyd Tavern, Blenheim and llowardsville
offers significantly lohrer ground water potential than the central
be1t. Fifty-four percent of all wel1s in this bel-t yield less than
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Source: Virginia State Watef Control Board - VRO PLATE NO. 19

5 gpm (0.3 Us), and 70 percent produce less rhan 10 gpm (0.6 Us).
only a small percenrage of wells drill-ed deeper than 200 feet (6r m)
eneountered water-bearing fractures. wel1s dril-led in this area
general-ly are suitable only for domestic uses. As a rule, larger
yields are not available.

The concentration of total dissorved solids does not exceed
299 ng/L in any of 42 warer samples collected from both belts. pH
values of B0 percent of the samples fal1 within the 6.0 - 7,4 range.
There are more wel1s with pH of 8.0 or higher in this unit than in
any other unit in Albemarle County. Hardness was at or below L2o ng/L
in 93 pereent of the 54 sanples collected. The remaining seven percent
were in the 121- - 180 mg/!, or "hard" range. !'Iells with 'thardrt water
are scattered and not in any particular area. rron is seldom a
problem in this unit; 67 percent of the samples registered coneentrations
at or below the 0.3 *g/t Virginia Department of Health drinking water
linit. The majority of the remaining wells showed concentrations of
less than 1.0 mg/1. As a ruler the high iron concentrations were
found in the central porti"ons of each belt, but not to the exclusion
of a sizable number of low-concentration samples.
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Cataclastic and Metasedimentary Rocks

This hydrogeolic unit (Plate 20) consists of a northeast-southwesr
trending belt which underlies Free Union, Crozet, and Brornmsvl-lle.
Rock types included in this unit are mylonlte, protomyl-onite, gneiss
and conglomerate.

As a general rule, low to moderate yiel-ds are available in this
unit. The vast majority of wells developed here produce less than
20 gpm (1.3 1/s); 56 percent are rated below 10 gprn (0.6 1/s). The
rel-atively low yields may be a product of well depth, since we11s in
this unit tend to be somewhat more shallow than wells in other hydro-
geologic units in Albenarle County.

0f the 11 wells rated 20 gpm (1.3 t-/s) or higher, six are rated
at 30 gprn (1.9 Us) or less. The notabl-e exceptions are wel-ls drilled
for Morton Frozen Foods Division of ITT Continental Baking Company at
Crozet. Of the three wells presently in use, two have been tested at
80 gpm (5.0 1/s), and the third was tested at 137 gpm (8.6 I/s). The
two 80-gpm (5.0-Us) wells, at 902 feet (275 n) and 1,100 feet (335n),
are the deepest wel1s known in Albemarle County. Well /14 (211) en-
countered water-producing intervals at 745 to 752 feet (227 to 229 n)
and 840 to 850 feet (256 to 259 ur). llel-l- /15 (674) encountered water
zones at 1,040 feet (317 rn) and 1,070 feet (326 n).

Water from the cataclastic and metasedimentary rocks is l-ower in
mineralization than ground water found in any other part of Albemarle
County. Ninety-three percent of aLl water sampl-es collected from this
unit showed total dissoLved solids below 150 ng/l. Most samples were
measured at 50 rng/l or htgher. Ground water from these rocks tends
to be slightly acidic. Seventy-six percent of quality analyses showed
water with pII below 7.0; L7 percent were below pH of 6.0. This is
eharacteristic of the light-colored rock types, such as gneiss, found
throughout this hydrogeologic unit.

Ground lirater hardness, iron and manganese concentrations in this
unit are very 1ow. Over B0 percent, of the wells drilled in this belt
produce water classified "soft" (1ess than 60 mg/l hardness). Of the
remaining wel1s, all but one encountered "moderately hard" \rater
(61 to l.20 ne/L hardness). The lone exception, the Morton //4 well (211),
was analyzed at L2J- ng/L. This is probably attributable to the increased
contact time between ground water and rock since this well taps deep
htater zones. Eighty-one percent of the r^rater samples were below the
0.3 rng/l Virginia Department of tleal-th liurit for iron, and 92 percent
were withln the 0.05 mg/l limit for manganese. No well sanpled in this
unit had a manganese concentration above 0.5 mg/1.

GROI]ND WATER UTILIZATION

Ground water usage in Albernarle County approaches three nillion
gallons per day (11,355 m3/a). Approximately 47 pereent of the countyrs
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population is supplied by ground water. These estimates are based
on pumpage records for public and industrial ground r.rater systems,
and cal-culations of domestic wi-thdrawal based on population proJections.
Plate 21 llsts the 20 largest ground water systems, based on average daiLy
withdrawal-s, and their locations.

Domestic Ground Water Use

Individual domestic water systems account for about, two-thirds of
the daily ground water withdrawals in Al-benarle County. A recent water
supply needs assessment eonducted by the State Water Control Board ldenti-fied 50.9 percent of the county's 541400 residents as being supplied bythe Albenarle County Service Authorlty, which purchases waie. iion ttre
Rivanna water and sewer Authority. rt is estinated that approximatel_y
two percent of the population utilizes cisterns as a rrater source.
Therefore, approximately 251500 eounty residents are supplied by individuaL
ground rrater supplies, including both wells and springs. Based on an
average of 50-75 gallons per day (0.L9-0.29 r,3/0 per person, daily wirh-drawals may be nearly two nillion gal-lons per d,ay 

-(7,sio ll.3|il.

35



Public Ground Water Use

According to information gathered by the Board, average daily
puqpage from 47 public lrater sy,stems, C19 comunity and 28 non-comnunity)
is in excess of 5001000 gpd (1,893 n3ld). As defined by the Virginia
Department of Health (1977), comunity water systens serve at least l-5
service connections used by year-round residents or regularly service
at least. 25 year-tound residents. Conmunity systems include munici-
palitles, conmunities, subdivisions, housing developments' trailer
parks, etc. The J-argest community systems in Albemarle County with-
draw around 50,000 gpd (|89 m3/a), while the smallest systems use
less than 500 gpd (1.9 nr/d).

A non-coumunity wat.er system is a waterworks which is not a
comnunity system but which operates at least 60 days out of the year
(Vlrginia Department of llealth, L977). Establ-ishments such as school-s,
motels, restaurants and campgrounds account for approximateLy 80'000
gpd (303 nr/d). Four industrial ground water systems which supply
potable water account for nearly 180,000 gpd (681- nJ/d), or 70 percent
of the dally non-copmunity pumpage.

The wel-1 field supplying Morton Frozen Foods consists of three
active we1ls (Plate 22) and three abandoned wells. Approxinately 20
pereent of Mortonrs total- plant water use, based on quarterly averagest
is ground water, and two we11s are capabl-e of meeting these demands.
WeLL ll2 (269) and well /15 (6tt+) are the main production wells. Well
ll4 (zLL) is used in an auxiliary capaeity, usually in place of weLL ll2.
Pumpage from wel-l ll2 for the perlod, L977-L979 averaged 51-'758 gallons
(196 nJ) per operating day, and pr:mpage from well /15 for the same
perlod averaged 571855 gallons (219 nJ) per operating day.

The three active we1ls each have been tested at 80 gpn (5.0 l-/s)
or greater. NeLL ll2, 556 feet (169 m) deep, was pump-tested at L37
gpm (8.6 l-/s) for 10 hours and registered a l-58-foot (55-n) drawdown.
The static water Level-was 27 feet (8 n) on the completion date'
December 8, 1958, and bedrockwas encountered at 36 feet (11 m). Well
/14, drilled in July 1963, is 902 feet (275 n) deep. I'Iater zones were
encomtered at intervals of 7 45 to 7 52 feet (227 to 229 n), and 840 to
850 feet (256 to 259 n) . A 7z-l;rour pump test was run at 80 gpn
(5.0 1-/s), but no drawdown information is available. The statlc
rilater level was 60 feet (18 m) below land surface, and bedrock at
40 feet (l-2 rn). The /i5 wel-l-, 1-,1-00 feet (335 n) deep, is the deepest
well- known in Al-bemarle County. Water zones were tapped at l-'040
feet (3L7 rn) and 1,070 feet (326 n), and pump tests were run at 37
gpm (2.3 Us) and 80 gpn (5.0 Us). No drawdowns were recorded for
either test, but pump intakes reportedly were set at 500 feet (152 n)
and 625 feet (191 n), respectively. The static lilater level was
reported to be 263 f.eet (80 m) below land surface on the compl-etion
date lnApril, L964. All- three wel-l-s were constructed with 6-inch
(152-m) casing.
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ACTIVE WELLS
269 - WELL NO. 2
211 - WELL NO.4
674 _ WELL NO.5

Source: Virginia State Water Control Board -VRO PLATE NO.22

The abandoned weLl-s, /li- (103), /13 (87), and il6 (2L0), range ln
depth fron 368 to 625 feet (11-2 to 191 n) with reported yields ranging
from 0.5 to 90 gpn (0.03 to 5.7 Lls).

Industrial Ground Water Use

Those industrial- ground water systems which are not conqldered
publ-lc water systems utilize approxinately 90r000 gpd (340 n3/d).
BI-ue Ridge Veneer and Pl-ywood consistentl-y uses nearl-y 50,000 gpd
(l-89 nJ/d), while Greenwood Chenical- Company at Greenwoed has recorded
ground water withdrawal-s in excess of 69r00b gpd (261- m3/d).

PROTECTION AIID CONSERVATION OF GROUND IIATER

Ground Water Quallty Protection

Protectlng the quality of the ground water resources of an area
ls of prime importance. Ground water polLution exists when foreign



matter of any nature enters the ground water system and alters the
natural- quality. Water percolating downward through soil can be
purged of harmful constituents before it reaches the ground \^tater
reservoir. However, if contaminants do enter the ground water reservoir,
the chances of the aquifer system cleansing itself are very slight.

The degree of natural purification of water as it moves through
soil depends on the soil type, sLze, and shape of the individual soil
particles, thickness of the soi.l material, rate of percolarion, and
type and degree of contamination. Pollutants may be removed by mechanical
straining and settling out between individual soil particles. Chemical
changes in the soil- may also account for signiflcant contaminant re-
moval. The rate of percolation determines the contact time l^rater has
with the soil. A soil- whose percolation rate is rapid may not a11ow
sufficl-ent contact time for the mechanical and chemical processes to
act effectively in contaminant removal. Further, if a soil zone is too
thin to purify the water percolating through it, contaminated water may
enter the aquifer.

While no major areas of ground water contamination have been identi-
fied in Albemarle County, local contamination problems occasionally do
occur. Pot.ential sources of ground rirater contamination include septic
drainfields, spillage and leakage of petroleum products and hazardous
chemical-s, leakage from sanitary landfills and waste treatment lagoons'
and agricultural runoff from croplands, barnyards and feedlots.

Septic t,anks are the most corunon form of on-site waste disposal
system in use in the United States today. The number of residents
served by septic tank systems in Albemarle County is in excess of
25r000. Septic tanks util-ize anaerobic bacteria to treat wastelrater
by digesting organic materials and separating sludge and scum from the
hrater. tr{astes which cannot be digested are treated by the soil as the
hrastewater drains from the tank into the soil absorption field. When

absorption fields are constructed properly and located in adequate soil,
pollutants can be removed from the wastewater as it filters through the
soil.

Up to two million gallons (71570 m3) of water per day are returned
to the soil in this manner each day in Albemarle County. A portion of
this water eventually reaehes the zone of saturation and becomes ground
r/ater. If the drainfield has been poorly designed or constructed im-
properly, contaminating substances such as nitrates, phosphates,
bacteria and viruses may enter the ground water system.

Rainfall runoff from agricultural lands may be a source of nitrate
contamination derived from fertilizers. Ilerbicides and pesticides may
be present in runoff from croplands. Runoff from barnyards and feedlots
is a cormnon source of bacterial and nitrate contamination.

Plate 23 depicts nitrate-nitrogen values at more than 165 sampling
sites in Albemarle County. The majoriry of the values are below 1.0 mg/1,
though values up to 5.0 rng/l are common along U.S. Route 250 all- across
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the countyr and also in the vicinity of Scottsvj-lle. Onl-y two sampling
points showed nitrate values i-n excess of 10.0 mg/l, the lirnit estab-
lished by the virginia Department of Heal-th. The scarcity of data pre-
cludes determing whether or not the htgh nitrate values are attributable
to septic drainfields and agricul_turaL practices.

Hydrocarbon contamination caused by spillage and l_eakage of
petrolerrn products iras been reported in several areas of Albemarle
county. Minute amounts of petrol-eum in ground water may cause foul
tastes and offensive odors. Occasionally the water returns to a normal
state in a reasonable time if the souree can be identified and el-lminated.
In many cases, however, it is impossible to determine the source of the
eontamj.nation because petroler:m products undergo changes once they comein contact with rocks and soil. Even where a source can be identlfied
and removed, objectionable residual effects may be noticeable for decades.
clean-up operations usually are inadequate and can be prohibitively
expensive.

Most of the petroleum contamination incidents reported in Albemarle
County have involved leakage from underground gasoline storage tanks
which have resulted in the contamination of a few domestic weLls. The
effects of these underground spills potentiaLly may spread and adverseLyaffect ground lrater quaLity over a larger arear

Sanitary landfill-s and waste treatment facilities are potential
sources of ground Iirater contamination. Industrial wastes often contain
heavy metals which can be highl-y toxi-c in sufficient quantities. Land-fills produce leachate, a "grossly polluted liquid characterized by high
concentrations of dissolved chqricals, chemical and biologi-cal demand,
and hardness" (zaporozec, L974). The key to preventing pollution from
these sourees is responsible site selection, design, operation, and
management of waste disposal facj-lities. Ground nater monitoring is
an effective method of identifying the presence, nature and extent of
contaminati-on. Albemarle County has exhibited no knorrm ground water
pollution from any \^laste disposal sites, although most facilities have
been in operation for many years. Thr-s is due, at leabt in part, to
the thick mantle of residual soils present in most areas of the county.

Ground Water Conservation

Responsible management of ground water withdrawal is the key to
conservation and effective utilLzation of the resource. Overdrafting
can cause a deeline i-n local and regi-onal water levels which, i_n turn,
can create both temporary and permanent adverse affects.

A signifieant l-oweri.ng of the water table can cause interference
between wells and within well fields. Ileavy pumpage from one or sever-
al- wells may cause such a decline that water levels in nearby wells nay
be lowered below pump intakes. This necessitates lowering prmp intakes
and often requires drilling the well deeper or abandoning it altogether.
Lowering the purnping level in a well also causes a reduction in the
effici.ency of the system.



Overdrafting of ground water is not a proble4 in Albemarle County.
There have been no docurnented cases of r.rell- interference which can be
attributed to pumpage from neighboring wel1s or well- fields. Problems
potentiall nay arise, however, if ground water developnent is pursued
without regard to the hydrogeologic factors affecting the occurrence,
movement, and storage of water in this stage of the hydrol-ogic eycle.

DRILLING A WELL IN AI.BEMARLE COTINTY

Selecting a Well Site

Loeating a water wel-l in Albenarle County by pure chance often
can bri-ng unsatisfactory results. ttDry holesrt are not uncomon, but
in nany cases they can be avoided with a minimal amount of pl-anning.
Convenienee and sanitation should be considered when selecting a well
site. A well should be located convenient to the facil-ity it is in-
tended to supply, and it should allow easy access to both the well
and pr:mp for maintenance. Sanitation of the water supply is of utmost
concern. The well should be located topographically above and an
acceptable distance from septic drainfields, barnyards and feedlots,
and other forms of surface and subsurface drainage. Never locate an
unprotected well site in a natural drainageway, since surface water
easiLy can pollute a wel-l water supply.

Topography

Topographic set.ting seems to be the most important criterion in
selecting a well- site in Albemarle County. Aul-etta (L979) reports
that greater potential yields are available in vall-eys, dranrs, and
on slopes. Cross (1960) sites a L954 report by LeGrand which states
that topographic locatLon of wells is the most important factor
affecting well yields in the Piednont of Virginia and North Carolina.
llells drilled at higher elevations, and especially on isolated hills
in the central- and eastern portions of the county, are far more f-ikely
to eneounter insufficient quantities of water, or no water at all,
than well-s drill-ed in low-lying areas, especially at the base of a
ridge or hill. Plate 24 graphically depicts the effect of topographic
setting on well depth and yield in Albemarle County. The data from
Itestern Albernarle are from Cross (1960), while the data for eastern
Albemarle have been compiled by the authors. The differences between
the eastern and western data, especially the depth daLa, are signifi-
cant. The most plausible explanation is that much of the earl-ier well
inforuration eollected by the Board was selectlve and exeluded most
bored wells. Consequentl-y, the major portion of the data used
in compiling this information is based on bedrock well-s. Techno-
logical advances o\rer the past twenty years which have made
drilling to greater depths a nore feasible option a1-so may partiall-y
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explatn the differences between the two sets of data. llhile no resul-ts
have been compiled, lt appears that the authorst data for western
Albemarl-e would show greatl-y increased average depths over those
encountered by Cross. Regardless of the magnitude of the numbers,
the trends are very similar and support the theory that drilling at
topographic l-ows (i.e., draws and fl-ats) generally results in greater
quantities of water at lesser depths

Fracture-Trace Mapping

Ground water production from rock types which traditionally have
been regarded as poor aquifers may be increased significantly by the
application of a ground hrater prospecting technique known as fracture-
trace napping. According to a recent report, by the U.S. Department
of the Interior (1978), we1ls located by the fracture-trace method
consistently produce up to 50 times the average wat,er productj-on from
a given rock type in a given area. A1so, the chances of drilling an
unproductive well are greatly minimized.

Fracture-trace mapping is highly applicable in Albemarle County
since the rock types present here are dense and can store and transmit
Irater only in fraetures. A qualified hydrogeologist uses aerial- photo-
graphs to map fracture traces. A fracture trace is the surface ex-
presslon of a zone of structural weakness which may be identified by
the aligrunent of valleys, vegetation types, sinkholes, or other surface
depressions. Linear features of wet, or dark, soil in recently-pl-owed
fields also may indieate a fracture zorte. These zones may be as wide
as 50 feet (15 m) and may be more than a mile (1,6 krn) ln length, and
they nay contain one or hundreds of fractures. The hydrogeol-ogist
pays particular attention to points where fracture zones intersect
(Plate 25), since intersections represent zones of increased fracturing
and, therefore, increase the probability of the presence of ground
water in large quantities. After the aerial mapping has been eompleted,
the hydrogeologist field-checks his findings and pinpoints a precise
drilling site.

Fracture-traee napping i-s more applicabLe to situations where
1-arge quantit.ies of water are needed, as for industrial or municipal-
supplies. The method usually is not necessary or practical- for
doraestic si"tuations in Albemarl-e County. Yields sufficient for
domestic use nornally can be developed, and in many cases individual
housing lots are so small that the fracture-trace mapping woul-d be
of littl-e value.

Types of Wells and Drilling Rigs

Two basic types of well-s are eommonl-y encountered in Al-bemarle
County: drilled wel1s and bored or dug wel-ls. Both types offer
advantages and disadvantages to the consumer, depending on the geologic
and hydrologic conditions of the site and the use for which the water
is intended.
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ZONES OF INCREASED FRACTURING MAY INDICATE
GREATER GROUND WATER POTENTIAL

Model of a cross section of the earth's crust showing tfie fractures
in a zone of fracture concentration.

Model of a cross section of the earth's crust showing tfre fractures
at the intersestion of two zones. of fracture concentration. Note
the increased number of frastures.

Source: Modified after U. S. Department of the Interior (1978) PLATE NO.25



Bored and Dug Wells

Bored wells are best, suited to domesti.c needs and can be'easily
developed in this county due to the thick saprol_ite (deconposed
igneous and metamorphic rock) zone overlying bedrock. The termsttboredrt and ttdug'n'frequently are used lnterehangeably, but actuaLLy
they refer to two different types of wells. Dug well-s are eonstructed
by hand, usuall-y with a plck and shoveL, are usually greater than
24 inches (610 nun) ln dianeter, and generally are shallow. They
normally extend Just a few feet (netres) below the wat,er table and
must be lined with stone, briclt or concrete to prevent caving. Ttre
lining must be seal-ed to prevent contrmination. Dug wells offer the
advantages of beLng simple-'to eonstruct and reLatively inexpensive.
However, they are difficult, if not impossible, to protect from
contamination, and frequently go dry durlng periods of drought or
during periods of heavy pr.mping.

Bored wel-ls essentially are the sa.me as dug we1ls exeept that
they are constructed using hand or power augers. Bored wells seldom
penetrate to depths greater than L00 feet (30 n). Ttrey generally are
24'30 inches (6L0-762 mr) in diameter, but may be as small- as a few
inches (ni1-1-inetres) in diameter. Like dug wells, bored wells nust
be lined and sealed to prevent caving and eontamination. They, too,
are especiall-y susceptible t,o fl-uctuating water tabl-es and frequently
go dry duri.ng periods of drought.

Drilled Wel1s

Drilled wells constitute the most cotrrtron type of well found
throughout Albemarle county. They normal-J-y are much deeper than
bored wells and usual-]-y are no more than 6 to 8 inches (l-52 to 203 nm)
ln diameter for aLl but large pubJ-ic and industrial water supplies.
Dril-l-ed we1ls may be constructed using either percussion or rotary
techni.ques, or variations and combinattons of the two.,

Percussion, or cable-tool, drilling rigs penetrate through rock
by alternate raising and loweri.ng of a l-arge blt attaehed to a steeL
cable. As the bit is lowered and strikes the bottom of the wel_l,
smaIl chips of rock are dislodged and crushed. cabLe-tooL drilllng
offers the advantage of easy detect,ion of water-bearing strata, since
the slurry used to remove cuttings from the well norrnally does not
seal- off lrater zones. For this reason, we!-I-s dril-l-ed in this manner
may not penetrate to depths as great as wel-ls drilled by rotary methods,
and the consuner may real-ize a substantial savings in per-foot (per-
metre) charges. However, cable-tool rigs are capabl-e of drll-ling onl-y
a few feet (netres) a day, so it usually lnvolves a period of weeks
to drill and develop .a well by this method.

Rotary drilling rigs cut rock by the rotating action of the drill
stem. As the drlll- stem turns in the hole, the bit cuts or crushes
the rock, dependlng on the type of bit used. Rotary rigs are capabl_e
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of drilling at much faster rates than percussion rigs, but it is some-
tlrnes difficult to identLfy a water-bearing zone because the fracture
may be seal-ed off with dril_L cutrings or drilLLng fluid.

A hydraulic rotary rig uses water or a special rrmudrf formula as
dril-ling fluld. The fl-uid is forced down the center of the drill_
pipe and blows across the bit onto the rock face. The fl-uid cools
and cleans the bit, and removes rock chips from the rock surface so
the cutting action of the bit will- not be impeded. The cuttings and
fl-uid are forced up the hole in the space surrounding the drili stem,
thereby keeping the bore hole clear of debris.

An ai.r rotary rig operates on much the same principle as the
hydraulic ri.g, except that air is the drilling fr-uid. Roll-er bits,
also used in hydraul-ic rotary situations, are cornmon, as are down-
hole hanrmers. A dourn-hole harnner is a tool similar to a pneumatic
fuammsr which causes a percussion-type bit to pound the rock surface
as the dr11-1 stem is rotatl-ng. The effect is a conbination of rotary
drilling and cabLe-tool dril-l-ing. Air rotary rigs are the type most
conmonly used in Albemarle County.

Increasing ![ell_ Storage

Iilell depth and diameter govern the volume of water storage
available in a wel-l. rn cases where the yie]-d is not sufficient
to supply the consumer?s needs, wel-l storage can be increased by
dril-l-ing a larger diameter hol-e and/or deepening the wel1. Table 3
gives per-foot water volume storage values for various wel-1 dianeters.

TABLE 3

INFLUENCE OF CASING DIAII{ETER AND DEPTH ON WATER STORAGE

Volume of water. stored in
water-filled casi.ng length

50' 75t 100'
section section secti-on

Nominal
casing
size

4"
5tt
6!'
gtt

10rf
Lztl
L4t'
15rt
16il
1g'l
20rt

Inside
dianeter

4.0311
5.05"
6.O7"
9.07'l

10.1_grl
12.09 "
L3.25t1
L4.25tl
L5.25tl
L7.lgtl
19. 1g|l

Storage
Per

linear ft.

0.66 gal
1.04 ga1-
1.50 gal-
2.66 gaL
4.24 ga1-
5.96 gal
7.L6 gaL
8.29 gal
9.49 gaL

12.05 gal
15.01- gal

gal
ga1
gal
ga1
gal
gaL
gal
gal
gal
gaL
gal

gal
gal
gal
gal
gal
gal
gal
ga1
gal
gal
gal

33 gal
52 gaL
75 gaL

1-33 ga1-

2L2 gaL
300 gal
358 gal-
4I-5 gal
475 gaL
603 ga1
75L gaL

49,s
78

1t_3
200
3r-8
447
537
622
7L2
904

LL26

66
1_04

r-50
266
424
600
7L6
830
949

L206
1501

Source: Water WeLl Journal (1978)



Source: Virginia State Water Control Board - VRO PLATE NO.26

The depth at which the purnp intake is set determines the volume
of water which can be used from well storage. If a pump intake is
set at 100 feet (30 rn) in a 400-foot (I22-n), six-inch (152-rnm)
diameter well whose static water level is 50 feet (17 rn), 75 gallons
(0.28 13) of stored \^rater will be available to the system. However,
if the pump intake is set at 350 feet (107 rn), 450 gallons (1.7 mr)
of stored water wil-l be available to the system (Plate 26). The
conrmon problern of a well I'going dry" during sunmer months usually is
a matter of the \irater 1evel dropping below the purnp intake, whil-e
the well sti1l has a significant amount of water remaining in it.

SUMMARY ANp CONCLUSTONS

Adequate ground water supplies for domestic, public and industrial
use ean be developed in nost areas of Albemarle County. Ground water
quantity and quality are relatively consistent throughout the county,
though differing geologic and topographic conditions result in some
variation.



- Topography-is the nost lnportant cFiterion in selecting a well_site in Al-benarl-e County.. The most producti.ve wells norual_iy have
been dril-Led ln draws and f l-ats, and wells at these locationl usual_lyare dril-led to l-esser depths than those at other posi"tions on the land-scape. several- wells with yields up to l-50 gpn (9,.5 J_fs) have been
devel-oped al-ong the baee of Carters Mountain and the SouthwesternMountains. Wel-l- yields in the southern hal-f of the county are notice-
abLy l-ower than those developed in the northern haLf of tire counry.

hlelLs l-ocated in the metavol-canic rocks comprising the CatoctlnFornation appear to offer the best ground water potential in Albemarlecounty. Present devel-opment in the eastern bel_t suggests this areaoffers better Potential than the belt extending along the east "iof""of the Blue Ridge. Eardness of ground rf,ater fion the metavolcanic
rocks is greater than fron any other rock types across the county.

Well-s developed in the metasedlmentary rocks in the eastern partof the county offer the lowest ground watei potential. over half ofthe welLs produce less than 5 gpr (0.3 l-/s), and water-bearing fracturesgenerally are not encountered deeper than 200 feet (61_ netre"I b.lo,the land surface.

The most colmon form of ground water pollution in Al-benarl-e Countyinvolves underground leakage of petroleun products. The reported cases
have involved only one or a few wells. No areas of extensive ground
water contamlnation have been identified.

. Total ground water use throughout the county approaches 3 MGD.ApproximateLy 47 percent of the couaty's population-ts supplied fyground qrarer. Approximately 5001000 gpd (1,993 n3/d) is wilnarawn bypubLic ground rilater sysrems. The largest ground water user, Morto4
Frozen Foods at crozet, withdraws approxinately 120,000 gpd (454,3/a).
rndustri-al- ground water use is reJ-atively insiinificant.

Ground water development for al-l types of water use, excepting someLarge industriaL and public facilities,- i" possible in Aibenarie County.wells capable of produclng in excess of L50 gpn (9.5 Us) can likely bL
developed in many areas of the county, with priorlty being placed on themetavolcanic rocks of the Catoctin Fornation. The Catoctin Formationconsistently produces more water than any other formation in the eounty.
By utllizing proven hydrogeologic prospecting techniques, such asfracture-trace analysis, high-yiel-d we1ls of aceeptable ,ater quallty
can be devel-oped in Albenarle County.



A?PBNDIX A

Ground Water Devel.opment in Al_bemarle County

The accompanying nap (plate 27) shows locations of approxinately
90 selected wel-l-s throughout the county. The wells shorrn on plate 27nay be cross-referenced with Appendixes B and C for wel1 constructlondata and ground water guality data, respectively.
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APPE}IDIX B

Srnnary of tJater llell Data for ALbemarle County

The computer prihtout on the following pages lists basic construc-
tion and hydrologic data for nearly 600 well-s and sprLngs in Albenarle
county. Many wells arrd sprlngs included in this Listtng may be cross-
referenced with Appendixes A and C.
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APPENDIX C

sr:mary of Ground l,Iater Quality Analyses for Albemarl.e county

The computer priqtout on the fot-lowing pages Lists over 200 basicground water quality qqalyses for water sampres coll-ected from weLls
and springs ln ALbenarle county. ALL infornation in thLs printout maybe cross-referenced with wel1 constructlon and hydrologic i"t" 

"oo-tained ln Appendix B. weLl locatlons for some analyses nay be found
o:r Plate 27, Appendix A. A di.scussion of the paraneters nay be foundin Appendix D.
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Constltueqt

Calcim

Chloride

I'luoride

Hardness
(as CaC03)

Iron

Magneslun

llanganese

Nl tra te

pIt

Potassium

SodLun

Solids
(Total Dissolved)

Specif ic
Conductivi ty

Sulfate

MAJOR CHM{ICAL

Maxlnm Recomended -
Concentration (ng/1)-

200

**250 (Aesthetica)

**1.8 (IteaLth)

0-60 Soft
6l--120 Mod. Hard

121-180 l{ard
181+ very Hard

**0.3 (Aesthetics)

150

**0.05 (Aesthetles)

**1.0 as N (Itealth)

**6. 5-8.5 (Aesthetlcs)

1000-2000

100

**500 (Aesthetics)

1000

**250 (aesthetics)

APPENDIX D

TABLE 4

CONSTITUENTS IN GROUND T,ilATER

Remrks

Seldon a health concern; nay be a dlsadvantage in washlnl', laundry'
bathing; encrustations on utenslls

Taste is a najor criterloni generally not hamful unless in very high
cor..rtt"tiooi, but my be inJurious to sufferers of healt and kldney
diseasesl sea water ls 19'000 ng/l

Presence of about 1.0 ngll oay be more beneficial than (letrlnental;
concentrationa less than O'9 Lo 1.O mg/l wlll seldom caurre mottled
enan"f in chlldrenrs teeth; extrme doses (2'5 to 4 gramr) my cause

death

llardwaterahavehadnodenonstrablehamfuleffectsuPollthehealth
of consunersl mJor detrlnental effect is econmtc--va1ur:rs above

100 ng/1 becone increasingly inconvenlent; wastes 6oaP altd causes

utensll encrustation

Essential tc nutrltion and not detrinental to health unless in con-

centrationa of geveral nill-igrmsi Min Problem are bad taste'
staining and discoloratlon of laundry and porcelaln flxtlrres

Not a healtt. hazard because taste becomes extrenely unPl.,|asant before
toxlc concentratlons reached; my have laxative effect o:t nev uaers

Esaential to nutritlon but nay be toxic in high -concentr'rtionsi taste
becomes problen before toxic toncentrations reached; und':lsirable be-
cause lt causes bad taste' dePosits on cooked food' atairts and dis-
colors lauodry and plunblng fixtures

May be extrenely polsonous in high concentraliona; My c'luse disease
ii-lnfants ("blue baby"); irritates bladder and gastroln:estinal
tract, MY cause diarrhea

Indlcates whether solutlon wlll act as an acid or basei ltater acquires
i"ortt' ta"tu below 4; hlgh values favor corrosion controli efflclency
of chlorinatlon seveiely reduced when pH above 7

May act as a l4ative ln excesaive quantities

ltay be harnful to sufferera of cardiac, circulatory, or tildney dlsease;
concentrationa as 1os as 200 ng/l nay be lnjurlous

Notahealth hazard above 500 ng/1, but nay isPart dtsagreeable taste'
corrode pl.p(,s; general lndicatar of the amount of Dlnerala in water

An lndicator of the aoount of dlssolved sollds ln water; hlgh concen-

trations carr cauae corroslon of iron and steel-

Above 250 ng/1 my act aa lsatlve on new users; my inPilrt f oul taste
and odor

*Recomended concentrations based on current literature; pH rrteasured in units, conductivity in nicromhos

**Actual 1lnits establlshed by the Vlrginla Departnent of Hea:,th; parenthesea O indicate basis for l-lmit

Source: Modifled afrer McKee anal Wolf (1963), Hen (1970), Virginla Departnent of llealth (1977)
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APPENDXX E

Ground l,later Qual_ity Standards and Criteria

Amendment to Water Quality Standards
Virglnla State Water Control_ Board

Effective: August I, L977

Pursuant to Secrion 62.l-44.15(3) of
3.1 of Title 62.L, Code of Virginia,

the State Water Control Law (Chapter
1950, as amended)

5.00

Ground rrater quality standards wi]-l- appLy statewide, and wilL applyto aL1 ground water occurring at and bel-ow the uppermost seasonal-limits of the water table. rn order to prevent the entry of pol_-lutants lnto gror.rnd water occurring in any aquifer, " "oil ,ooeor alternate Protective measure or device s,rifi.i"nt to preserve
and protect present and anticipated uses of ground water shal-L bemalntained at alL times. Zones for mixing wastes with ground
rtater may be allowed upon request, shall be determined 6n a c"se-
by-case basis, and shaLl be kept as smal_l_ as possibl_e.

rt is recognlzed that natural- ground water .qual_ity varles state-wide. Four physiographic provinces have been determined forapplication of standards, namel-y the coastal plain, pledmont and
Blue Ridge, val]-ey and Ridge, and cr:mberland plateau. (see
Plate 28)

If the concentration of any constituent in ground, rilater is l-ess
than the limit set forth by ground water stindards, the natural_quality for that constituent shall- be naintained; natural- qual-ity
shal-l also be maintained for all- constituents, incJ-uding tenrpera-ture, not set forth in any ground water standards. rf the
concentration of any eonst.ituent in ground water exceeds the
standard for that eonstituent, no addition of that eonstituentto the naturally occurring concentration shall- be made. Varianceto this pol-icy wil-l- not bE made unl-ess it has been affirmatively
demonstrated that a change is justifiabl-e to provide necessary
economic or social- devel-opment, that the necessary degree of
waste treatment cannot be economicaLly or sociaLly justified,
and that the present and antlcipated uses of such *"t., wiLl bepreserrred and protected.
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TABLE 6

GROUND WATER QUALITY STAIIDARDS
(See Plate 28)

Statewide Standards

Constituent Concentration

Arsenic. ..0.05 m9l]-
Bari'm.io-r ...1.0 rg/t
Cadmium. ..0.4 luelL
Chromium. .0.05 mrllL
Copper. "'1'0 rllre/L

Cyanide " '5'0 tg/t
*i:113"^3:l: 

H:.T:::l i::: . :i:: .

Lead' ""'o'05 mg/l
Mercury. "0'05 uglJ-
Petrollumllydrocarbons.. ......1-'0 tgll
Phenols ...0.001 mg/l
Selenitrur. .0.01- ng/L
Sllver. " '0'00
Zinc. .....0.05 mg/l
Chlorinated llydrocarbon Insecticides

Al-drin/Dieldrin.
Chl-ordane ....0.01- lglL
DDT. " "0'001- uel]-
Endrin. .0.004 ugll
Heptach1or.... ....0'001 ug/l
Heptachlor Epoxide 0'001 ug/l
fepone. '0'00
Lindane' ""'o'01 'rg/L
Methoxychlor.. .. "0'03 ugl1-

Mirex. ..0.00
Toxaphene " "0'00

Ch1-orophenoxy llerbicides
2,4-D.
2-r4rs-TP.

Radioactivity
Gross Bera. ....1000.0 Pe/t
Radirsr 226.. ......3.0 pelL
Srronrir:m90... ..10.0 pc/1

Concentration in the

Constituent

Arnmonia Nitrogen
Nitrate Nitrogen
Nitrlte Nitrogen
pH

Coastal
Plain

Piedmont &

Blue Ridee

0 .025
5.0
0.025
5.5-8.s

Valley &

trLidge

0 .025
5.0
0.025
6 .0-9 .0

Cumberl-and
Plateau

0.O25 ne/I
0.5 nglL
0.025 mg/L
5.0-8.5

0.025
5.0
0.025
6. 5-9 .0
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APPENDIX F

TABLE 7

PLA}INING GUIDB FOR I.IATER USE

I}pes of Establishments GalLons per day

Airports (per passenger) ..... ..... ...3_5
Apartments, multiple fanll_y (per resident) ......60
Bath houses (per bather).. .......L0
Camps:

Construction, semipermanent (per worker).. ....50
Day with no meal_s served (per camper)....... ..... .......15
Luxury (per canper)... .;.. ...... ....100-150
Resorts, day and night, with l_imited pl_umbing (per carper)........50
Tourist nith central- bath and tollet faciLities (per person)......35

Cottages with seasonal occupancy (per resident) ......50
Courts, tourist with individual_ bath unlts (per: person) ...50
Cl-ubs:

Country (per resident uember).. ....j.00
Country (per nonresident member present) ......25

Ihrel-lings:
Boardinghouses (per boarder). ....r .......50

Additlonal kltchen requirenents for nonresident boarders........10
Luxury (per person).. ..... ..........L00-L50
Multipl-e-fani1_y apartments (per resident) ... ..40
Roomlng houses (per resident) .... ...60
Single famil-y (per residenr) 50-75

Estates (per resident)
Factories (gal-lons per person per shift)
Highway rest area (per person).. ..... .......5
Hotels with private baths (2 persons per room) .......60
Ilotel-s without private baths (per person).. .....50Institutions other than hospitals (per person).. .:... .75-LZ5

Hospitals (per bed) ..... ..250-400
Laundries, self-serviced (gallons per washing, i.e., per customer)..50
Livestock (per animal):

Catrl-e (drlnking).... .....L2
Dairy (drinking and servicing) ..... ......35
Goat (drinking).... ..... ........2
Hog (drinking). . .. . .. .4
Horse (drinklng).... ....... r.. t r............ i..... ......L2
Mule (drinking) .a... .,..............L2
Sheep (drinking).. .. .. . . . .. .. . .... .. .2
Steer (drinking).... ........ r.. .... ..,...L2

Motels with bath, toil-et, and kitchen facil-ities (per bed space)....50
With bed and toiLeg (per bed space).... .....a.... .......40

Parks:
Overnight with flush toiLets (per camper).. .... e ...25
TraiLers with individual- bath units, no sewer connection

(per trail-er).....r;......... ........25
TraiLers with individual baths, connected to serrer (per person)...50
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Plcnic;
![tth battrhouses, showers, and flush toil-ets (per Picnicker).""''20
Wlth toilet facitities only (gaLl-ons per pi'cnicker) .. "' t' t' t " "'t-0

PouLtry:
Chiclens (per L00)............... ...""""""""' '5-l-0
Turkeys (plr 100)......,............. ""' '10-t-8

Restaurants wLth toilet facilities (Per patron)....... ... ....7-10
I{ithout toilet fael-l-iti.es (per pation). '"''a'o" '""24-3
Wl.th bars and cocktail lounge (aaaitfonal quantity Per person) ""'2

Schools:
ioardtng (PerpupiL)... ..." .."' ""75-100
Daywiticifeter1a,gymrrasiums,andshowers(perpupi1.)...
oay wtth cafeteria but no gynnasiums or showers (Per pupiL).......20
Day wlthout cafeterta, gynnasiums, or showers (per pupil) "'15

service stations (per venl!r.). " " " 't'0
Stores (per tollet-rom) """"" "'400
iwrmrng^pools (per swimrer)... .i... "t" """'l-0
Theaters 

^- ---^^\ . .....5Drive-in (per car space).r..r .r."
Movie (per auditoriun seat) "r" "'"5

VJorkers:
Construction (Per person per shift)."' ....' "''"'50
Day (school or offices per person Per shift) """'15

Source: U.S. Environmental Protection Agency (L974)
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AQUIFER:

BASALT:

BEDROCKI

CATACLASTIC ROCK:

COTiIGLOMEMTE:

CRYSTAI,LINE ROCK:

DMWDOiIN:

EVAPOTM}ISPIRATION:

FAIILT:

FORMATION: A unit of geologie mapping consisting
recognizable stratum or set of strata
for napping or description.

Any break in a rock due to mechanir:al
failure by stress.

GLOS$ART OF TERMS

A geologie fornation, group of fornations
or part of a fomation capable of supplylng
water to wel1s and springs in usable quanti-
ties. An aquifer isunconfined (water tabLe)
or confined (artesian) dependlng on whether
the ground water 1eve1 is at atmospherie
pressure or greater than atmospheric pressure
due to the presence of an overlying, con-
fining geol-ogie formation (aquict_ude).

A general- term used to define any fine-
grained, dark-colored igneous rock.

Any solid rock e:<posed at the surfaee or
overlain by uaconsolidated materials.

Metamorphic rock whose texture or strueture
ls caused by the bending, breaking and
granulation of the mineral within the rock.

A clastlc rock composed of rounded pebbLes
cemented together by another mineral-.

General term describing an igneous or
metamorphic rock as opposed to a sedimentary
rock.

The measured difference between static level-
and pumping level- in a well; the drop in
the water l-evel- due to pr.unping.

A tern embracing that portion of the
precipitation returned to the air through
direct evaporation or by transpiration of
vegetation, no attempt being made to dis-
tinguish between the two.

A fracture or fracture zone along which
there has been movement of two rock masses
relative to one another paral-lel_ to the
fracture. The movement may be a few
inches or many ml-les, horizontaL or vertical.

ofa
useful-

FMCTURE:

91



FRACTURS TRACE:

GMISS:

GROI]ND tr{ATER:

HYDROGEOLOGY:

IIYDROLOGY:

IGNEOUS

IMPERMEABLE:

INTRUSIVE:

JOINT:

LIMESTONE:

LIfiIOLOGY:

I"IETAI'IORPIIIC:

METASEDIMENTARY:

METAVOLCA}iIIC:

PERCOLATION:

Ttre surface e:cPression of a zone of
structural weakness l*rich nay be identi-
fied by the allgnment of vaLl-eys, vegetation
types, sinkhol-es, or other surface depressions.

A coarse*grained rock fo:med by regional-
netamorphiem in which bands of granular
nineraLs al-ternate with bands of flaky
(schistose) mlneraLs.

Water beLow the nater tabLe; lf,ater ln the
zone of satufation.

Ttre scienee whi.ch deal-s with subsurface
waters and related geological- aspects of
surface waters.

The science that relates to the waters of
the earth.

Rocks or minerals that soLidified from
molten rock (magna).

Ilaving a texture which does not allow per-
ceptible movement of water through rock.

Refers to igneous rocks which have penetrated
i-nto or between oLder rocks while no]-ten but
which have soLidified before reaching the
surface.

A fracture in rock along which no appreciabl-e
movenent has occurred. Joints are generally
perpendicular to bedding pJ-anes.

A bedded sedimentary rock'consisting chiefly
of calciun carbonate (CaCO3).

The composition and structure of rock.

Refers t,o any rocks derived from pre-existing
rocks in response to pronounced changes of
temperature, pressure and chemical environ-
ment.

Refers to sedinentary rocks which have been
partl-y metamorPhosed.

Refers to vol-canic rocks which have been
partly metamorPhosed.

Movement of water through the interstlces
of rocks or soil-s' except novement through
l-arge openlngs such as solution chanrnels.
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PERME:ABILIIf,i

POROSIlY.I

PIffPING TEVEL:

QUARTZIlE:

RECIIARGE:

RIVER BASIN:

RI]NOFF:

SANDSTOI'IE:

SAPROLITE:

SEDIMEMARY ROCK:

SIIALE:

SI"ATE:

STATIC LEVEL:

I]NCONSOLIDATED SEDIMEM :

WATER TABLE:

The abtllty of a rock, sedinent or soil totransnlt water.

The property of a rock, soil, or other
naterial_ of containing spaces or voids.

Depth to water in a wel-l when the well
being purnped.

A metanorphic
quartz.

rock consisting principal_ly of

The addition of lrater to an aquifer by
natural_ infil_tration or artificial means.

The area drained by a river and its tribu_taries.

That part of precipitation that flows in
surface streams.

A sedimentary rock composed chiefLy of
qrtartz grains.

Earthy, clay-rich material formed ln pLace
by the decomposition of igneous and meta-
morphi.c rocks.

Rock forned from the consolidation of layered
sediments that have acctrmul_ated in water.

A fine-grained sedlmentary rock formed from
the consolidation of clay, silt or mud.

A fine-grained metamorphic rock, usual_J-y
forned from shale or volcanic ash.

Depth to water in a weLl_ when the welL is
not being pumped.

A sediment that is loosely arranged or unstrati-fied, or whose particles are not cemented to_gether.

The upper surface of the zone of saturation;
the upper surface of ground water which isat atmospheric pressure.

as
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